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The Structurally related natural products rapamycin and FK506 
bind to the same intracellular receptor, FKBP12, yet the resulting 
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complexes interfere with distinct signalling pathways 1,2 . FKBPIZ^ 
rapamycin inhibits progression through the Gl phase of the cell 
cycle in osteosarcoma 3 , lirer** 5 and T ceDs 6,7 as well as in yeast* 
and inter! eres with initogenic signalling pathways that are involved 
m Gl progression y iw , namely with activation of the protein p70^ 
(refs 5, 1 1-13) and cyclin-dependent kinases 3,14 " 1 *. Here we isolate 
a mammalian FKBP-rflpamydn-associated protein (FRAP) whose 
binding to structural variants of rapamycin compiexed to FKBP12 
correlates with the ability of these Jigands to inhibit ceu^cyde 
progression. Peptide sequences from purified boyine FRAP were 
used to isolate a human cDNA done that is hiddy related to the 
DRR1/TOR1 znd DRR2fTOR2 gene produ^from SaccW 
myces cerevisiae* 1 ™*. Although it has not been previously demon- 
strated that either of the DRRITOR gene products can bind the 
FKBP-^rapamydn complex directly these yeast genes have 
been genetically linked to a raparnvdn-sensitive tathway and are 
thought to encode lipid kinases 1 . T 
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RG. 1 Identification of FRAP protein in three mammalian cell lines, a, 
GFK alone or individual GFK-ligand complexes were added to MG-63 
cell lysates (2 x 10 7 cells per condition) to a final concentration of either 
500 nM or 2.5 pM and the mixtures incubated for 10 min at 4 °C. Fusion 
protein complexes were recovered by glutathionenaffinity chromato- 
graphy, and the proteins detected by silver staining after 5% SDS- 
PAGE. Because of compression. FRAP is not resolved by 12.5% SOS- 
PAGE, so both 5% and 12.5% gels are shown. The amount of FRAP that 
was retained by affinity chromatography saturated at concentrations of 
GFK-Rap greater than 500 nM in these experiments and in others using 
Concentrations of GFKr-Rap ranging from 100 nM to 5uM (data not 
shown). GFK alone or Individual GFMigand complexes were added 
to a fin#i concentration of SOo nM to lysates prepared from either 
2 x 10 Jurkat T lymphocytes or 10 fl rat basophilic leukaemia (HQl) cells 
per condition. Lysgtes were treated as in a. FKBP12, but not FKBP13 or 
FKBP25 (ref. 23) i 5 able to mediate the actions of rapamycin in S. 
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cereviste. in addition, we found that Yf kiss (ref. 24), an FKBP12 null 

T^^ d ^^^ nM ^ GFK (P ' *• MsrtJn * 8 - Gladstone. 
£ T> US " in ^^^tion). Thus the GST appendage 

^^Xl22" 001 Pf ? C,U(3e Wnd,ng 0f the biotofiically rd- 
evant target to the GFK-rapamycin complex in yeast. 

TS^J^^SP^ RSLceite were grown iamedia containing 




ml pepstatin A and 2 mM OTT) containing 0-5% Triton X-100 Lvsats 
were clarified by centrifugation at 25.000& and the Triton X-100 inthe 
su^matant^s diluted to 0.33% tv adding 0.5 vol pint bufe gfk 
prebound to stoichiometric quanaties of FK506, ketf> isc^ or unmciifled 
rapamycin was added to lysates as described. Each condition wasthin 
a 25 ^ giutathione-sepharose column. whS « 
washed with PINT buffer containing 0.5 M NaCl and 0^% TrS-l^ 
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25 mM 2-glycerophosphate. 1 mM PMSF. lug nrCwr 4 -' 
ml 1 pepstatin a, 1 mM benzarnidine and 2 mMh am iZ £f^' 1 M 

prot*n> was loaded onto a 1 litre 5^ete( ffi 
ccjumn. The column was then washed with Pip anSS 
with PINP (HP with im Nad). GFK "pZydn m 2££ 
to the pooled eiuate to a final »SKS tflSKS 

was resolved by SOS-PAGE and transferred toWDF foi 
tow-ng digestion with trypsin or endJotthiS? LJS 

sequenced . The Jurkat T cell cONA library (Strataaenel 
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RALEWIGAOR KeSrSavL vLrHXiSJ TAEW^EVK 

«QA»6W AALRACLILT toSeSSSJ 2K2SSEI ">NIFVAVWD 

ttKMNRODR IKGALLlLNE wSsWE SESSvl! jSP 0 *** 

KOmcPCTvo te nppTcan jflSS Sff SfFSfH ^VHDKYC 

AFRPSAFTD? SSgg JKSESf TlLMLCPRUl 

rLMVLOIIR MImSSh ttoSS mJ&S* SVAVRttFKtf 
1KB.IWHU VCtSPALTAV tffflS SrWn 

QfVRHCADKf LN^ttiS SffiSu 2SJ. L ?lL C SF *K»SIT 
WACVLSKLL VYCrTDPDPft SSJrfSfJ: J^ IHL XSCH AKW&JTAVQ 

«qntouL aiSEEu hnmSrS? KffEJSfSS ""WfSc 
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HCEUWSC UMRKNVDEl ™l55£« ISS'SS^ 
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«paS P i^ PamyC,n largCt ,ttS ««H tha, F KBP 12 - 

relevant targets of FKBPI2-rap^vcin Mr « " b,0lo « i ? a «y 
by detergent and complexes of S « 6 ? 061,8 Were ^ 
or GFK alone ^WS^I^SbS^V 506 
final concentration of 500 oM or 2 5 uM ffi?^ a ^ at a 
approximate relative molecular »«. j« Si }fi' protan of ' 
detected in the GFK-raMmvL^ , ,0 S° ^-220K) was 
Silver staining (^iJS^S^ ^f PAGE f- 

GFK alone (Fig. l a , fanes 1 and 2) No otharran, ; ■ • or 

7ST 



